INTRODUCTION
The Lunar Orbiter project is a necessary and valuable contributor to man's knowledge of the Moon and its environment. The Lunar Orbiter will provide extensive photographic exploration of the lunar surface to aid in selection of possible landing areas for the Project Apollo manned landing mission.
This document was prePared to provide familiarization with the purpose and objectives of the Lunar Orbiter project for the information and orientation of persons not closely associated with the program. A complete but general description of the spacecraft, ground equipment, and operations activity shows important interfaces and current planning. A description of a typical Lunar Orbiter mission is presented to indicate the approach to acquisition of essential lunar data.
The document generally reflects spacecraft design and mission concepts as of March 1966.
Note: Readers unfamiliar with the metric system will find the following conversion factors helpful: 
UNMANNED LUNAR EXPLORATION
The most detailed examination of the Moon, using the latest Earth-based instruments and methods, does not adequately define the lunar terrain and environment for a manned lunar landing. Precisely where on the lunar surface are there suitable landing sites for a manned vehicle that are not laced with crevices or jagged rocks? How long can man survive when exposed to the radiation and micrometeoroid bombardment in the lunar environment? How accurate are present calculations of the size, shape, and gravitational field of the Moon? These and many other questions must be answered to achieve maximum safety for the first lunar explorers.
The Lunar Orbiter is one of three unmanned program s devised to provide this vital information (see Figure 1 ):
• Ranger -Rangers VII, VIII, and IX have given man his first close views of the lunar surface. The Ranger sPacecraft were guided to selected areas on the lunar surface. The multiple television camera payload was activated minutes prior to impact. Television signals were transmitted to Earth, and the final display showed the impact area in detail. Although the Ranger program has provided some extremely valuable high-resolution lunar photographs, the coverage is too limited to provide sufficient information for a manned lunar landing.
• Surveyor -Surveyor will make a soft landing at a predeterm ined point on the lunar surface. During landing, touchdown dynam ic s and bearing strength will be m easured. After landing, additional data of local surface conditions will be collected while eye-level television cameras scan the landscaPe. These data will be transmitted to Earth as they are gathered.
• Lunar Orbiter -The Lunar Orbiter Program will provide extensive photographic coverage of large specified areas of the lunar surface. Surface detail will be comparable to the sampling by Ranger at impact and far better than is possible to obtain from Earth. Maximum photographic resolution that can be achieved with Earth telescopes is on the order of 800 meters (1. e., objects less than 1/2 mile in diameter cannot be recognized). Enlargement of telescopic photographs would not improve resolution, and would only result in unrecognizable blur (Figures 2a, b , and c). Many high-resolution photographs similar to the Ranger photographs can be provided by the Lunar Orbiter with a resolution of 1 meter (Figure 2d ), each, however, covering a much greater area. Photographs of medium resolution (8 meters) of the surrounding area will be taken simultaneously with each high-resolution photograph. The photographs to be taken by Lunar Orbiter will allow extrapolation of the SUrveyor data to the greater areas covered by the Lunar Orbiter.
A typical Lunar Orbiter mission begins at Cape Kennedy with initiation of prelaunch activities. Following launch and separation of boosters, the Llinar Orbiter orients itself in space, performs one or two midcourse corrections, and injects itself into an From the design altitude of 46 kilometers) each high-resolution photograph covers 69 square kilometers of lunar surface) and each medium -resolution photograph has a 1182 square-kilometer field of view. Figure 3 shows the primary area of photographic interest and target sites to be photographed on the initial mission. Actual area covered is dependent on the concentration of photographs necessary to fulfill specific mission requirements. The design mission .consists of sampling each of the 10 target sites with 16 consecutive exposures; site search and site examination are also illustrated in Figure 4 . Photographs will be developed in flight and transmitted to Earth. Analysis of Lunar Orbiter data) in conjunction with that gathered by Ranger and Surveyor, will provide answers to most of the variables affecting safety of the first lunar explorers, as well as invaluable scientific data about the Moon. Figure 5 . The project is essential to the overall program of lunar exploratiol). Project implementation, from conception through mission completion, has been geared to ensure maximum probability of success.
A fundamental approach to designing the spacecraft-supporting operational systems is the use of as much proven hardware as possible so that a minimum of system development is required. Reliability has been emphasized throughout project planning by this use of proven hardware design and by safety engineering in all aspects of subsystem design. Quality control, which began during spacecraft design, is being continued as an integral part of the test program; failure data is rapidly fed back to design and fabrication areas. 
THE LUNAR ORBITER SPACECRAFT
The spacecraft (see frontispiece) is an assembly of high-reliability components with the flexibility to fulfill several mission assignments. An Atlas/Agena launch vehicle ( Figure 7 ) will place the Orbiter in translunar trajectory, where an internal rocketengine propulsion system will provide midcourse trajectory correction and, later, inject the spacecraft into lunar orbit. Full three -axis stabilization and attitude control is provided by ejecting nitrogen gas through small jets. Solar sensors are used to give pitch and yaw reference, and a star tracker (Canopus) is used for roll reference. Solar panels furnish electrical power and charge the nickel-cadmium battery, except when the spacecraft is behind the Moon or maneuvering; during these times battery power is used. A flight programmer sequences all commands, which may be either stored before launch or transmitted during flight. Commands to be transmitted during flight are stored, verified by retransmission, and executed at the proper time.
The camera has two lenses -a long-focal-Iength lens for high-resolution photographs and a wide-angle lens that simultaneously records a medium-resolution frame of the surrounding area. Camera frame, film supply, and numerous mechanisms are the same for the two lenses. Exposed film is developed in flight, by a damp monochemical process, into a high-quality photographic negative. A minute beam of light scans the completed negative and, on passing through it, is converted to electrical signals for radio transmission to Earth.
In addition to photographic data, lunar-environmental and spacecraft-performance measurements are made by the sensors of an instrumentation subsystem. The data are transmitted over the radio link to Earth-based receivers. Designed photographic mission life is 30 days, but transmission of environmental and performance data will continue for another 11 months. 
Figure 8 Location of AFETR, DSIF and SFOF
These stations are geographically located so that at all times at least one is in contact with the spacecraft to monitor and track the craft, transmit all ground commands, and receive and record data transmitted by the spacecraft. A deep space station tracking antenna is shown in Figure 9 . Only a minimum of Lunar Orbiter-peculiar ground equipment is required to supplement the existing facilities. 
THE MISSION
Beginning in 1966, five Lunar Orbiter spacecraft will be launched to obtain information vital to the Apollo program. Although the spacecraft are identical, each mission is unique in timing and trajectory, in orbit and target, and in objective -expansion of man's knowledge of the Moon.
The spacecraft, in order to achieve its photographic mission, must be placed in orbit around the Moon -thence its name "Lunar Orbiter." While a satellite can be placed into a relatively accurate Earth orbit from a known point on Earth's surface, theLunar Orbiter must be injected into a precise, low-altitude orbit around the Moon, whose size and shape, as well as center of gravity and mass, are not precisely known. Also, the critical maneuver of retrofiring to place the spacecraft into a specified lunar orbit must be controlled from Earth after a 240,000-mile journey through space.
In addition to the principal operational complexities of lunar orbit acquisition, the Lunar Orbiter photographic mission poses other unique requirements. In the following sections, these needs and their fulfillment will be seen through various phases of the typical mission ( Figure 10 ).
PRELAUNCH
Members of the test team work with the spacecraft from its assembly at Boeing through its many test phases, following it from Seattle to Cape Kennedy. At the launch site, final checkout of the Orbiter completes the extensive test program. Film is loaded in the camera, squibs installed, fuel and oxidizer pumPed into the propellant tanks, and nitrogen bottle pressurized. With great care, an aluminized-mylar thermal barrier is placed around the craft and the nose shroud installed.
Simultaneously, the Atlas/Agena launch vehicle undergoes final launch preparation. The spacecraft is then transported to the launch pad and mated to the Agena, and final precountdown tests performed.
LAUNCH AND BOOST
The countdown begins, initiating a checkout of the Atlas, Agena, and spacecraft combined as one functional unit -the Lunar Orbiter space vehicle. Personnel at AFETR and in the deep space network are informed continually of the countdown progress. If a delay occurs, ground computers determine a new launch azimuth and a new parkingorbit duration (Figure 11 ). Delays longer than 2 hours may require a rescheduling of the countdown -a day, or, possibly, a month later.
At the completion of the countdown, the Atlas engines fire, boosting the space vehicle to an altitude of 85 miles before Atlas separation ( Figure 12 ). The spacecraft nose shroud, no longer required for atmospheric protection, is jettisoned. 
IRECTION OF EARTH'S ROTATIONIIIII\IIIII"
A translunar injection point remains nearly stationary in space over a short time interval; however, this point with respect to the Earth's surface moves from east to west due to the Earth's rotation on its axis. This injection point can be reached at any time during a short interval by varying the direction (azimuth) of launch and the parking orbit time. By scheduling a 900 launch, delays are compensated for by gradually increasing the azimuth to 114 0 , providing a "launch window" of nominally two hours. To avoid launch over populated areas and remain within the tracking range the launch direction is restricted to the angles mentioned. Figure 11 Ground Tracks for Two Launch Azimuths Next, the Agena engine fires, accelerating the Agena/Orbiter combination into a 100-mile-altitude "parking" orbit. After coasting to the translunar injection point, the Agena engine reignites and pushes the spacecraft to escape velocity. The Lunar Orbiter spacecraft then separates from the Agena and begins its long coast toward Moon rendezvous, which occurs 3 days later.
TRANSLUNAR FLIGHT
After laWlch, mission control is transferred from Cape Kennedy to the SFOF at Pasadena. For the Atlas/Agena, the job is done; for the Orbiter, the task begins.
Signals from the flight programmer explode squibs to release two pairs of solar panels, which spring out from the base of the spacecraft. The omnidirectional antenna and the 3-foot-diameter, dish-shaped directional antenna are similarly extended (Figure 12 ).
The spacecraft now maneuvers until the solar panels face the Sun. Sun sensors control the ejection of nitrogen from small nozzles, causing the craft to pitch and yaw until the correct pitch and yaw attitude is achieved.
Other nitrogen jets roll the spacecraft until the star-tracker faces Canopus, a southernhemisphere star identified by its brightness. To verify that the star-tracker is "seeing" the correct star, the spacecraft may be commanded to roll through a complete revolution while star-tracker measurements of light intensity are telemetered to Earth. From the telemetry, a "star map" can be prepared and compared with a known star map for that trajectory. Coincidence of the star patterns provides verification. Continued tracking by the deep space stations enables SFOF to compute spacecraft range, velocity, and flight path.
Slight deviations from the intended trajectory are probable, and correction must be made. About 10 hours after launch, guidance corrections are transmitted to the craft, verified, and stored. The Lunar Orbiter breaks Sun/Canopus orientation as the gas jets turn the craft until the rocket engine points in the desired direction. Valves open, allowing fuel and oxidizer to flow into the engine and ignite. The 100-pound thrust changes the spacecraft's speed and direction until an accelerometer, measuring the velocity change, cuts off the engine. The spacecraft gains Sun/Canopus orientation as it continues on its adjusted course toward the target. A second correction, if required, is made 50 hours or more after launch. Fuel limitations allow only small guidance corrections; the spacecraft relies mainly on the initial guidance accuracy of the Atlas/Agena boost vehicle.
Since the Moon orbits the Earth in a slightly elliptical path, the transit time from Earth to Moon will depend on launch date as well as launch velocity. While a highvelocity, short-time transit provides greater accuracy, it also requires an increased booster capability and additional spacecraft propellants to achieve slowdown on arrival. A compromise has been selected, with a transit time of about 3 days.
INITIAL LUNAR ORBIT
During translunar flight, trajectory information provided by deep space station tracking is used by SFOF to compute the velocity and direction changes required to achieve initial lunar orbit. This infor~ation, transmitted to the spacecraft flight programmer and stored, will activate the nitrogen jets to turn the spacecraft and point the rocket engine against the direction of flight. As the Lunar Orbiter penetrates deeper into the lunar gravitational field, the rocket engine ignites at the prescribed time. The slowed spacecraft, approaching to a minimum altitude of 200 kilometers above the lunar surface, no longer has sufficient velocity to proceed outward against the attraction of lunar gravity. The Orbiter becomes a satellite of the Moon, as SuniCanopus orientation is reestablished. Initial orbit parameters are: perilune, 200 kilometers, and apolune, 1850 kilometers.
Because exact lunar size, shape, and gravity are unknown, the actual orbit may be different from the planned orbit. Tracking and computation by the deep space network will accurately establish the actual orbit within three to five passages around the Moon. The exact location must be known to successfully inject the Orbiter into an elliptical orbit in which the spacecraft will approach within 46 kilometers. of the lunar surface. To determine height and slope of lunar mountains and craters by photometric techniques, photography must be done shortly after the lunar sunrise, when shadows are near maximtun. Since, during the life of the photographic mission, the spacecraft orbit will vary only slightly with respect to the Sun, the perilune of the initial orbit is placed over the lunar sunrise zone, not over the target area. As the spacecraft continues orbiting over the lunar sunrise, the rotation of the Moon on its axis brings the target area under the orbit and, simultaneously, into the sunrise zone ( Figure 13 ).
As the target area moves into the sunrise zone, the rocket engine again is pointed against the direction of flight and fired, changing the initial orbit perilune (200 Idlometers) to the design perilune altitude of 46 kilometers over the target sites. Photographs are taken at this altitude as the Moon's rotation continually presents a new landscape on each pass over the target area.
Each exposure of the dual-lens camera simultaneously exposes one high-resolution frame and one medium -resolution frame (Figure 14a ). The camera can be commanded to take 1, 4, 8, or 16 consecutive exposures on an orbital pass over a target site with either a short-time interval (2.2 seconds) or a long-time interval (8.8 seconds) between exposures. Figure 14b illustrates the design mission coverage of one target sitewhich requires 16 consecutive exposures at the 2. 2-second interval. As can be noted, this provides continuous high-resolution coverage with forward edge overlap. Contiguous high-resolution coverage (Figure 14c ) is similarly obtained by repeating the photographic pattern on successive orbits.
Overlap of 50 percent or more of the medium-resolution photographs allows stereo viewing, revealing surface contours not perceptible from single photographs. This type of coverage (Figure 14d ) is obtained by utilizing the long interval of time between consecutive exposures and by repeating the photographic pattern on alternate orbits.
The flexibility of the photographic subsystem, coupled with orbit variables such as inclination, perilune altitude, and orbital period, provide great flexibility in selecting the size, shape, and location of the area to be photographed. For example, by increasing the perilune altitude, the area coverage can be extensively increased -at the expense, however, of reduced photographic resolution.
The exposed film is developed into a film negative and stored on a take-up reel. To return the photogt'aphs to Earth, a beam of light 1/20 the thickness of a human hair scans the image on the negative. The resulting electrical signal, varying with the amount of light shining through the negative onto the face of a photomultiplier tube, is transmitted to a visible deep space station via the directional antenna.
The information can be transmitted only when the spacecraft is visible to the Sun for solar energy and the Earth for line-of-sight communication. These conditions occur more than half the time during a typical mission. Several frames of information may At the receiving deep space station, the information is displayed line by line on the face of a kinescope, a tube similar to that used in television. Cameras photograph the kinescope display on 35 -mm film.
To simplify analysis of the reconstructed photos, the 35-mm film is flown to a lunardata-processing laboratory where the 35-mm film strips are reassembled into 9-by 14-inch photographs. A composite photograph of the lunar surface, photographed in one high-resolution frame, measures 14 by 55 inches, with a scale of 1 inch equal to approximately 1000 feet.
Data recorded on the film in flight and magnetically taped telemetry d~ta provide time, height, location, lighting conditions, and related information required for complete photographic analysis.
After transmitting all photographic data, the Lunar Orbiter continues to transmit information on micrometeoroids, solar flares, and magnetically trapped particles. Periodic tracking will refine the information on the Moon's gravity and shape. When nitrogen gas for the reaction control thrusters is exhausted; the spacecraft cannot maintain Sun/Canopus orientation. The solar panels no longer face the Sun to generate electrical power, and the spacecraft becomes silent, but continues its circuit of the Moon.
THE SPACECRAFT
The 850-pound Lunar Orbiter spacecraft (Figure 15 ) is 5 feet in diameter and 5.5 feet tall, excluding the solar panels and antennas. During launch, the solar panels are folded up under the spacecraft base, and the antennas are held against the side of the structure. A nose shroud only 5 feet 5 inches in diameter houses the entire spacecraft. With the solar panels and antennas deployed, the maximum span is increased to 18.5 feet along the antenna boom sand 12 feet 2 inches across the solar panels.
The spacecraft's structure consists of a main equiPment mounting deck and an upper module supported by trusses and an arch. The module supports the gimbaled velocitycontrol engine and propellant tanks and may be removed as a unit for engine testing. It also carries, directly under the engine, the high -pressure nitrogen tank which provides pressurization for the engine feed system and the attitude-control thrusters. The photographic subsystem (Figure 16 ) is housed in a pressurized, temperaturecontrolled container. The precision equipment can expose film, develop high-quality negatives, and convert the images into electrical signals for transmission to Earth.
The dual-lens camera uses a 24-inch focal-length lens for high-resolution photographs and a 3-inch focal-length, wide-angle lens for medium-resolution photographs. Shutter, platen, and image-motion compensation (IMC) are provided for each lens, but the film, film advance, and shutter operation are common to both. The 70-mm high-definition film is relatively immune to radiation fogging, but requires slow shutter speed.
A velocity/height (V IH) sensor (Figure 17 ) is used in conjunction with the 1M C to reduce image smear that would normally result from high spacecraft velocity and slow shutter speed. The camera mode (number and rate of exposures) is selected by ground command and controlled by camera electronics. The velocity/height (V/H) sensor provides the spacecraft with velocity and height information by sampling a ring of lunar surface through the high resolution lens and comparing successive scans. The angular position change of consecutive scans with respect to time gives the velocity/height change ratio. This ratio is used for image motion compensation to "lock on" a ground target during each exposure to reduce image smear or blur. The V/H data is also used to control time between exposures, to control spacecraft yaw angle during photography, and is telemetered to aid in photograph analysis.
Figure 17 Velocity Height Sensor
The automatic camera sequence proceeds as follows: lenses are uncovered and the V/H sensor is activated; the film is clamped to the platen and flattened by vacuum; the !Me clutch is engaged and moves the platen to compensate for ground speed; and the shutter is opened to expose the film. Mter exposure, the IMC clutch is disengaged, the platen is returned to the original position, and the film is released and advanced in preparation for the next film exposure.
Each shutter cycle exposes one medium-resolution (square) frame and one highresolution (rectangular) frame centered around the same surface area (see Figure 18) . Because of the spacing between the lenses, the two images are not adjacent on the film, but subsequent exposures are interspersed on the film to avoid film waste. The timeof-exposure data, sandwiched between photograph frames, and edge data, preexposed on the film, aids in the reconstruction and evaluation of finished photographs.
Film processing is accomplished by temporary lamination of the exposed film with a processing web that has been presoaked in a developing solution. The damp negative, dried by a thermostatically controlled heater, is stored pending readout. The film scanner/readout process (Figure 19 ) is accomplished in small increments by a very narrow light beam projected through the film negative onto a photo cell that converts light energy into a video signal. Nearly 17,000 horizontal scans of this 5-micron beam are used to scan each 1/10-inch segment of the film before the film is advanced and the process repeated. The readout of photographic intelligence gathered by a single camera operation requires 45 minutes.
For mission flexibility, the camera, film processor, and scanner/readout mechanism operate independently. During a single orbit, up to 16 exposures may be made and processed. Selected exposures can be scanned and transmitted between photographic sequences, but most exposures will be stored for scanning and transmission at the com pletion of photography. Throughout all phases of the mission, the spacecraft attitude must b~accurately controlled. The Sun/Canopus reference attitude provides optimum utilization of solar radiation for spacecraft power and serves as the reference attitude for spacecraft maneuvers. In establishing and maintaining this attitude, Sun sensors control rotation about the pitch and yaw axes, and a star tracker controls rotation about the roll axis. Signals from these sensing devices control nitrogen v;as ejection from the appropriate thrusters (Figure 21 ) to acquire and maintain the necessary sPacecraft orientation.
GYros in the inertial reference unit maintain the reference attitude whenever the Sun or Canopus is hidden. When other attitudes are required, a command from Earth provides the exact rotation required around each axis, and rate outputs from the gYros enable the flight programmer to determine when the new attitude has been reached. The gyros then control the new attitude. .. : 
VELOCITY CONTROL
The initial spacecraft trajectory is established by the Atlas/Agena launch vehicle, but minor changes to the trajectory and the velocity changes required for lunar orbit insertion must be accomplished by the spacecraft. An attitude maneuver establishes the direction of thrust; velocity change, detected by an accelerometer and compared with requirements stored in the flight programmer, determines thrust duration.
When the flight programmer commands the velocity-control engine valves to open (Figure 22) , gas pressure, acting on propellant tank bladders, forces the fuel and oxidizer into the lOO-pound-thrust engine. No ignition system is required because the propellants ignite when mixed, and thrust continues until the engine valves are closed. All incoming signals are received by the low-gain antenna. The transponder automatically responds to the rf carrier and any range code to assist the DSIF in tracking, velocity, and range determination. Commands from the DSIF are routed to the command decoder and stored. The command, as received, is transmitted to Earth where it is checked for accuracy. If verified, an execute command is transmitted to the spacecraft, and the information stored in the decoder is advanced to the flight programmer.
Performance telemetry data and data gathered by radiation and micrometeoroid sensors will be encoded, multiplexed, and transmitted to Earth continually by means of the lowgain antenna and low transmitter power. Whenever photographic data are to be transmitted' the photographic system readout mechanism and traveling-wave-tube amplifier must be turned on by command from Earth. The photographic data, mixed with the performance and environmental telemetry data, are transmitted via the high-gain antenna. 
Figure23 Communications Modes

TEMPERATURE CONTROL
Temperature control is provided because many of the spacecraft components could be damaged by the temperature extremes encountered in space (Figure 24 ). An aluminized mylar thermal barrier encloses the area between the upper heat shield and equipment mounting deck with only the Canopus star-tracker lens exposed. In addition to this flexible insulating shroud, the engine heat shield is insulated, leaving only the equipment mounting deck for heat transfer. The equipment mounting deck is coated with a substance that has a high heat emission-absorption ratio, which helps keep the spacecraft temperature between 85°F (when the craft is in direct sunlight) and 35°F (when it is not). When the temperature drops too low, small electric heaters will supplement the heat generated by operating equipment. 
AFETR EQillPMENT
Existing equipment at the AFETR is supplemented by a blockhouse spacecraft console, umbilical cabling, and rf repeater antenna system, and by the mobile checkout van during launch operations. This special equipment is used to monitor the spacecraft performance during countdown. Postlaunch command, tracking, ranging, and telemetry data recording is accomplished by existing AFETR equipment.
DEEP SPACE STATION EQUIPMENT
Deep space stations are located so that at least one is always in contact with the spacecraft after its insertion into translunar trajectory. For the first 30 days of the mission, the spacecraft is monitored continually; thereafter, 30 minutes per day are set aside for spacecraft monitoring and tracking.
Spacecraft tracking and ranging is accomplished by existing DSIF equipment ( Figure  25 ). Command equipment is installed at each deep space station for receiving, decoding, and verifying commands from the SFOF before these commands are relayed by transmitter to the spacecraft.
Most of the Lunar Orbiter mission-dependent equipment installed in the DSIF is for processing and displaying data telemetered from the spacecraft. The rf carrier from the spacecraft is received by the nss antenna-receiver system. The 30-kc subcarrier, containing spacecraft performance and lunar environmental data, is routed to performance telemetry equipment and recorded on magnetic tape. This equipment demodulates, sYnchronizes, and decommutates the data for computerized transmission to the SFOF via the HSDL or via teletype. The performance telemetry equipment also provides printout of all 120 telemetry channels, and displays anyone of these at the deep space stations. and Film Recording Equipment a permanent film record of the photographic data. Two film records are made at the deep space station. Small portions of the film are processed and viewed on a quality evaluation viewer so that picture quality can be determined. The viewing of early film allows determination of the necessary remotely controlled adjustments to the spacecraft camera or readout mechanism that will improve quality of subsequent pictures.
Tape recordings of spacecraft performance, lunar environmental telem etry data, and film record of photographic data are air transported to the lunar-data-processing laboratory. Because of Earth rotation and deep space station locations, the Lunar Orbiter sPacecraft, when visible to Earth, can be monitored continuously by the deep space network, but each deep sPace station can collect only a portion of the information gathered during the mission. Tracking, telemetry, and photographic data are consolidated at the lunar-data-processing laboratory (Figure 27 ). At the lunar-data-processing laboratory t tracking data and telemetry data are integrated into a master mission tape. Also, the film record is reassembled into the necessary format for analysis.
Each readout scan in the spacecraft is recorded on the 35-mm ground film as a segment, approximately 0.75 by 16 inches (Figure 28) . A set of 14 of these segments are edgematched to form a composite that is photographically reduced to a 9-by 14-inch reassembled photograph. A high-resolution exposure composite requires seven of these reassembled photographs and measures 14 by 55 inches. The high-resolution photographs gathered during the design mission would form a composite 18-by 45-foot photograph, which would represent a 63-by 166-kilometer lunar surface area from a 46 -kilometer altitude.
Langley Research Center receives reassembled photographs, the mission master tape recording, and preliminary analysis reports within 30 days after transmission to Earth. 
